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I. INTRODUCTION

Up to now, electrical machines cannot be used in very hot environments because of the thermal limits of the organic materials of their electrical insulation system (EIS). Standard electrical machines cannot be used permanently in environments over more or less 300°C because of the thermal limits of the polymers [START_REF] Schanler | High temperature breakdown strength and voltage endurance characterization of nanofilled polyamideimide[END_REF]. However, several applications could use the electrical machines beyond of these temperatures for high temperature environment, for example in the fields of aviation, spatial [START_REF] Fingers | Application of high temperature magnetic materials[END_REF] or nuclear industry [START_REF] Mitsui | Investigation of the Voltage Life of Mica-Alumina Composite Insulation at High Temperatures[END_REF].

Research works have been performed for replacing polymers by inorganic EIS able to withstand 500°C [START_REF] Iosif | Assessment and improvements of inorganic insulation for high temperature low voltage motors[END_REF]. They show that HT°EISs have breakdown voltages lower than organic ones and poor mechanical characteristics. The proposed works are carried out in the continuity of previous ones in order to design a HT°induction motor and to analyze the limits of this structure [START_REF] Cozonac | Conception d'une machine asynchrone haute temprature[END_REF].

II. EQUIVALENT CIRCUIT OF HT°INDUCTION MOTOR

For getting the operating parameters of the motor, it is necessary to know the elements of the equivalent circuit as presented in Fig. 1. If we take into account that the HT°i nduction motor is built with the rotor of a conventional motor, we can take the parameters of the equivalent diagram of the conventional motor. The only change is at the stator coil and rotor bar resistances R 1 and R 2 , respectively (see Fig. 1). The critical situation for a HT°induction motor will be the heating of the stator winding and rotor bars. This situation will increase the resistance of the copper nickel wire also the resistance of the copper bars. Increasing the current in winding turns will increase the power of the motor, but this power will be limited by the section of the copper rotor bar sized for the conventional motor. Eqs. ( 1) and ( 2) are derived from the equivalent circuit of Fig. 1.

I 2 = V μ R 2 + jX 2 ; I 1 = I 2 + V μ R μ + jX μ (1) V = V μ + I 1 × (R 1 + jX 1 ) (2) 
The expression of V μ is derived from Eqs. ( 1) and (2). Then, the I 1 and I 2 are computed from Eq. [START_REF] Schanler | High temperature breakdown strength and voltage endurance characterization of nanofilled polyamideimide[END_REF].

V μ = V 1 + R1+jX1 R2+jX2 + R1+jX1 Rμ+jXμ (3)
Let's define the power expression as

P F = 3 V 2 μ Rμ ; P R = 3 R2 I 2 2 ; P B = 3 R1 I 2 1
with P R , P B and P F represent respectively the losses in the rotor, in the coils and in the iron of the stator.

III. HT°INDUCTION MOTOR THERMAL MODEL

Machines with a high power density are often fast and therefore quite long with a small diameter, their thermal equilibrium can be determined by considering that all the heat produced in the rotor passes through the stator and the carcass before being vented to the atmosphere by the ventilation system. 2 presents a simplified thermal model that allows to estimate the internal temperature of the main elements of the machine: the rotor, the winding and the carcass; these elements correspond to the points R, B and C on the equivalent diagram of Fig. 3; the point A corresponds to the ambient temperature assumed to be constant. Thermal resistors characterize the main heat exchanges in the machine in the equilibrium regime. So a small part of the rotor losses are evacuated directly by the shaft (R RA ) the other must cross the air gap and evacuate outside by the stator. It exists also a coupling between the coils and the rotor (R RB ). This simplified thermal model does not take into account the complex exchanges that exist at the level of the end-windings connections.

The rotor bars are not insulated so they can withstand higher temperatures than the active conductors of the stator. When machines are isolated by polymers whose thermal limits are critical point for sizing is the temperature of the T B coils which must remain permanently under the value maximum which depends on the nature of the insulators. The stator teeth are semi closed, so G RB is neglected.

Considering the thermal conductances G = 1 R , the temperature determination is represented in matrix form:

⎡ ⎣ T R T B T C ⎤ ⎦ = A -1 ⎛ ⎝ ⎡ ⎣ P R P B P F ⎤ ⎦ -BT A ⎞ ⎠ (4) 
with

A = ⎡ ⎣ G RC + G RA 0 -G RC 0 G BC -G BC -G RC -G BC G CA + G BC + G RC ⎤ ⎦ and B = ⎡ ⎣ G RA 0 G CA ⎤ ⎦
The heat flow that crosses the air-gap can be estimated roughly considering a static thin air layer. This very approximate approximation gives a thermal resistance higher than the actual one; therefore the real rotor temperature be law.

R RC = 1 C T hair e S 1 = 1 C T hair e 2π R r + e 2 L
(5)

Depending on the axial direction, the conduction thermal resistance R CA for a surface S is calculated with :

R CA = 1 C T hacier e S 2 = 1 C T hacier 1 2πR r (6) with R r = 4.510 -2 m, C T hair = 0.0258W m -1 K -1 , C T hacier = 50.2W m -1 K -1 .
With the expressions ( 5) and ( 6) and using (4), it is now possible to calculate the resistances of the thermal model based on some experimental tests which have been performed by feeding thermocouples into the different points of our motor.

IV. COUPLED ANALYSIS OF THERMAL AND ELECTRICAL EQUIVALENT SCHEME Fig. 4 presents the motor operating characteristics by means of slip. It's clear that we have a nominal torque equal to 9N/m and the coils temperature is higher than 600°C. Also, the coils losses are about 1000 W which is higher compared to the motor power. So, we have a low efficiency. 

V. CONSTRUCTION OF THE HT°INDUCTION MOTOR

The HT°motor is equipped with a copper cage rotor that has the same shape as the conventional one except that the shaft of HT°motor will be lengthened because of the length of the end-connections of the stator. This length is explained that the heads of the coils are larger because the insulation of the ceramic wire is very fine in radius of curvature. The air gap of the HT°motor is expected to be 0.6 mm, 2 times larger compared to the conventional one. The stator core is made of F e S i electrical sheets able to withstand high temperature [START_REF] Ababsa | High-Temperature Magnetic Characterization Using an Adapted Epstein Frame[END_REF]. A general view of the HT°induction motor is shown in figure 5. This motor have a stainless steel carcass and the bearing will be ceramic to resist the heat evacuated by rotor shaft. 
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 1 Fig. 1: Equivalent schema of HT°induction motor.
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 2 Fig. 2: HT°induction motor thermal mode.
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 3 Fig. 3: The cross section of the active part of a machine.
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  Fig.2presents a simplified thermal model that allows to estimate the internal temperature of the main elements of the machine: the rotor, the winding and the carcass; these elements correspond to the points R, B and C on the equivalent diagram of Fig.3; the point A corresponds to the ambient temperature assumed to be constant. Thermal resistors characterize the main heat exchanges in the machine in the equilibrium regime. So a small part of the rotor losses are evacuated directly by the shaft (R RA ) the other must cross the air gap and evacuate outside by the stator. It exists also a coupling between the coils and the rotor (R RB ). This simplified thermal model does not take into account the complex exchanges that exist at the level of the end-windings connections.The rotor bars are not insulated so they can withstand higher temperatures than the active conductors of the stator. When machines are isolated by polymers whose thermal limits are critical point for sizing is the temperature of the T B coils which must remain permanently under the value maximum which depends on the nature of the insulators. The stator teeth are semi closed, so G RB is neglected.Considering the thermal conductances G = 1 R , the temperature determination is represented in matrix form: ⎡
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 4 Fig. 4: HT°induction motor operating characteristics by means of slip. Torque, temperature, power losses.

Fig. 5 :

 5 Fig. 5: General view of the HT°induction motor.
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